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Abstract
If t → hq (q = c, u) or h → τℓ (ℓ = µ, e) decays are observed, it will
be a clear signal of new physics. We investigate whether natural and viable
flavor models can saturate the present direct upper bounds without violating
the indirect constraints from low energy loop processes. We carry out our
analysis in two theoretical frameworks: minimal flavor violation (MFV) and
Froggatt-Nielsen symmetry (FN). The simplest models in either framework
predict flavor changing couplings that are too small to be directly observed.
Yet, in the MFV framework, it is possible to have lepton flavor changing Higgs
couplings close to the bound if spurions related to heavy singlet neutrinos
play a role. In the FN framework, it is possible to have large flavor changing
couplings in both the up and the charged lepton sectors if supersymmetry
plays a role.
1 Introduction
If flavor changing Higgs Yukawa interactions are discovered, it will exclude the
Standard Model (SM) as well as a large class of extensions of its scalar sector. The
size and the structure of the flavor changing couplings will probe the electroweak
breaking sector, and provide hints about the flavor physics that is responsible for
the smallness and hierarchy in the Yukawa parameters.
Experimentally, there are two promising ways to search for flavor changing Higgs
couplings. First, one could search for t→ hq decays (q = c, u). The present bound
on the htq Yukawa couplings reads [1, 2]
√
|Ytq|2 + |Yqt|2 ≤ 0.14. (1)
Second, one could search for h→ τ±ℓ∓ decays (ℓ = µ, e) [3, 4]. The present bound
on the hτµ Yukawa coupling reads [5]
√
|Yτµ|2 + |Yµτ |2 ≤ 0.0036. (2)
A direct search for the h→ τe decay is also possible [4], but at present there is only
an indirect bound. Assuming that Higgs-mediated loop contributions to τ → ℓγ
decays do not suffer from cancelations against other new physics contributions, the
bound on the hτe Yukawa couplings reads
√
|Yτe|2 + |Yeτ |2 ∼< 0.02 [6].
Experimenters should pursue these searches regardless of whether concrete, well-
motivated theoretical models exist which allow for large flavor violation in the
Yukawa interactions. Yet, it would be encouraging to know that there exist viable
and natural models that allow the bounds in Eqs. (1) and (2) to be saturated. It is
the purpose of this work to construct such models, and understand the difficulties
involved.
To obtain sizable flavor violation in the light Higgs couplings, we need to extend
the SM, either by adding nonrenormalizable terms, or by adding new degrees of
freedom, or by both. Whatever framework we consider, we will make the following
two assumptions:
• The scale of the relevant new physics is not much higher than the TeV scale.
Otherwise, the flavor violating effects will become unobservably small.
• The flavor structure of the new physics is not anarchical. Otherwise, TeV
scale new physics should have already been manifest in flavor changing neutral
current (FCNC) processes.
In this work, we examine two such frameworks of flavor physics: minimal flavor
violation (MFV) [7], and the Froggatt-Nielsen (FN) mechanism [8].
While the bounds of Eq. (1) are similar for q = u or c, and the bound of Eq. (2)
for ℓ = µ is stronger than the indirect bound for ℓ = e, the theoretical frameworks
predict larger couplings between the third and second generation fermions than
between the third and first. Therefore, we focus on models that saturate the bounds
on Ytc and on Yµτ .
Before we enter a detailed discussion, we mention several related works. As
concerns the htq couplings, Refs. [9, 10, 11, 12, 13] discuss direct bounds, and
Ref. [14] discusses indirect ones. Ref. [15] suggests ways to search for flavor changing
couplings to light quarks. As concerns the hτℓ couplings, Ref. [16] suggests ways
to use τ decays to constrain the lepton flavor violating Higgs couplings. For recent
discussions of flavor changing Higgs decays in various other frameworks of new
physics, see Refs. [17, 18, 19, 20, 21, 22, 23, 24].
1
2 Minimal Flavor Violation
In this section, we study the structure of the Yukawa coupling matrices of the
light Higgs boson h under the assumption that it obeys the principle of minimal
flavor violation. We identify the flavor suppression of the various flavor changing
couplings. Note that a specific framework may introduce additional suppression
factors, such as suppression by a high scale of new physics Λ (typically, a v2/Λ2
factor) or a loop factor. We ignore such possible additional suppression, bearing in
mind that two Higgs doublet models provide an example where the only suppression
comes from flavor parameters [25].
We use the notation yf to denote the SM value of the Yukawa coupling, yf =√
2mf/v, where v ≃ 246 GeV.
2.1 The up sector
As concerns the up sector, the largest off-diagonal term is Yct. The largest diagonal
term is Ytt. The ratio between the two is given by
Yct
Ytt
=
Cuy2b VcbV
∗
tb
Au +Buy2t + C
uy2b |Vtb|2 ∼
< Vcb, (3)
where Af , Bf , Cf are unknown dimensionless coefficients. Note that Cu can be
large, up to Cuy2b ∼ 1. (One can think of Cu as the MFV analog of the tan2 β factor
in models of natural flavor conservation (NFC) of Type II.) The other off-diagonal
terms are considerably smaller:
Ytc
Yct
∼ VtbV
∗
cb
VcbV ∗tb
mc
mt
,
Yut
Yct
∼ Vub
Vcb
,
Ytu
Yct
∼ VtbV
∗
ub
VcbV ∗tb
mu
mt
,
Yuc
Yct
∼ VubV
∗
cb
VcbV ∗tb
mc
mt
,
Ycu
Yct
∼ V
∗
ubVcb
VcbV ∗tb
mu
mt
. (4)
Since MFV relates all the off-diagonal couplings to each other, it is important to
check that none of the bounds from FCNC would prevent |Yct| from saturating the
direct bound of Eq. (1). Indeed, the strongest of the FCNC bounds comes from
D0 −D0 mixing [26, 6],
√
|Ycu|2 + |Yuc|2 ≤ 7× 10−5, (5)
which is weaker than 0.14(mc/mt)|Vub/Vtb| [see Eqs. (1) and (4)].
We conclude that the only non-negligible coupling is Yct. It is expected to be
within the range of y2b |Vcb| ∼< |Yct| ∼< |Vcb|. It can give, at best, a t→ hc decay rate
that is an order of magnitude below the present bound. (We note that in the general
MFV (GMFV) framework [27], there could be interesting effects on the diagonal
coupling Ycc [28].)
2.2 The charged lepton sector
As concerns the charged lepton sector, the implementation of the MFV principle is
less straightforward [29, 30, 31]. If the neutrinos are Dirac particles, with a Yukawa
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matrix Y ν and eigenvalues (y1, y2, y3) ∝ (m1,m2,m3), then
Yµτ
Yττ
=
Cνy23 Uµ3U
∗
τ3
Aν +Bνy2τ + C
νy23 |Uτ3|2 ∼
< Uµ3/Uτ3,
Yτµ
Yµτ
=
Uτ3U
∗
µ3
Uµ3U∗τ3
mµ
mτ
,
Yeτ
Yµτ
=
Ue3
Uµ3
,
Yτe
Yτµ
=
U∗e3
U∗µ3
me
mµ
,
Yeµ
Yµτ
=
Ue3U
∗
µ3
Uµ3U∗τ3
mµ
mτ
,
Yµe
Yτµ
=
Uµ3U
∗
e3
Uτ3U∗µ3
me
mµ
. (6)
Thus, unless the neutrino sector couples to a Higgs doublet with VEV of order m3,
the off-diagonal couplings in the charged lepton sector are tiny. In any case, the
upper bound from BR(µ→ eγ),
√
|Yeµ|2 + |Yµe|2 ≤ 1.2× 10−6, (7)
implies an upper bound on Yµτ ,
|Yµτ | ∼< 10−4, (8)
which is two orders of magnitude below the upper bound (2) (as can be seen from
Eq. (6), Yτµ is even smaller by a factor of order mµ/mτ ), so that BR(h → µτ) ∼<
10−4BR(h→ ττ). Thus, for lepton MFV with Dirac neutrinos, the rate for h→ µτ
is unobservably small.
A more plausible minimal lepton flavor violation (MLFV) scenario is one where
the neutrinos are Majorana particles, with their masses generated by the seesaw
mechanism. If the seesaw scale is above the scale of flavor dynamics, then the
lepton flavor symmetry is SU(3)L×SU(3)E , and it is broken by the charged lepton
Yukawa matrix Y e(3¯, 3) only. In this case, there are no lepton flavor changing
couplings. If the seesaw scale is below the scale of flavor dynamics, then the lepton
flavor symmetry is SU(3)L×SU(3)E×SU(3)N , and it is broken by three spurions:
Yˆ e(3¯, 3, 1), Yˆ ν(3¯, 1, 3) and ZˆN(1, 1, 6).
In the charged lepton and heavy neutrino mass basis, we can choose our spurions
as follows:
Yˆ e = Y eM ≡ diag(ye, yµ, yτ ) = (
√
2/v)diag(me,mµ,mτ ),
ZˆN = ZNM ≡ diag(M1,M2,M3)/mN , (9)
where Mi are the heavy neutrino masses and mN is their mass scale. In this basis,
the Yukawa matrix Yˆ ν assumes the form [32]
Yˆ ν = i
√
mN
v
√
ZNMR
√
mνU
†, (10)
where mν = diag(m1,m2,m3), U is the leptonic mixing matrix, and R is a general
orthogonal matrix.
The leading contribution to flavor changing Higgs couplings is of the form
Y eij
yj
∝ (Yˆ ν†Yˆ ν)ij = mN
v2
(U
√
mνR
†ZNMR
√
mνU
†)ij . (11)
Note that, unlike the quark sector, there are here several unknowns. Concretely, R
and ZNM are completely unknown, while there is only partial information on mν .
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2.2.1 Degenerate heavy neutrinos
To start with a simple and predictive model, we make the following simplifying
assumptions:
1. The heavy neutrinos are degenerate: ZNM ∝ 1;
2. The matrix R is real.
Then, Eq. (11) simplifies into
Y eij
yj
∝ mN
v2
(UmνU
†)ij . (12)
We can now consider the three classes of light neutrino spectrum:
(i) Degeneracy, m1 ≃ m2 ≃ m3: In the degenerate limit, the unitarity of U gives
Y eij = 0. (13)
(ii) Inverted hierarchy,m3 ≪ m1 ≃ m2: Taking the limit ofm3 = 0 and defining,
for convenience, mN = v
2/m2, we obtain
Y eij
yj
∝ Ui3U∗j3. (14)
In particular, we have ∣∣∣∣Y
e
eµ
Y eµτ
∣∣∣∣ =
∣∣∣∣Ue3Uτ3
∣∣∣∣ mµmτ ∼ 10
−2. (15)
(iii) Normal hierarchy, m1 ≪ m2 ≪ m3: Taking the limit of m1 = 0 and
defining, for convenience, mN = v
2/m3, we obtain
Y eij
yj
∝ (m2/m3)Ui2U∗j2 + Ui3U∗j3. (16)
In particular, we have∣∣∣∣Y
e
eµ
Y eµτ
∣∣∣∣ =
∣∣∣∣ (m2/m3)Ue2U
∗
µ2 + Ue3U
∗
µ3
(m2/m3)Uµ2U∗τ2 + Uµ3U
∗
τ3
∣∣∣∣ mµmτ ∼ 10
−2. (17)
In both cases of inverted hierarchy, Eq. (15), and normal hierarchy, Eq. (17),
the upper bound of Eq. (7) implies an upper bound on Yµτ similar to Eq. (8).
The conclusion is that an observably large value of Yµτ in MLFV models requires
that ZNM and R play a non-trivial role in the structure of Y
ν , such that the ratio
|Yeµ/Yµτ | is much smaller than the values of order 10−2 obtained in the simplest
models.
2.2.2 Hierarchical heavy neutrinos
Our starting point is, again, Eq. (11). We relax the assumption of degenerate heavy
neutrinos, but for the sake of simplicity keep R real. For off-diagonal couplings, we
can write
Yij/yj ∝ AklUikU∗jl where A ≡
√
mνR
TZNMR
√
mν . (18)
In particular,
Yeµ ∝ UeiAijU∗µj =
∑
i
AiiUeiU
∗
µi +
∑
i<j
Aij(UeiU
∗
µj + UejU
∗
µi),
Yµτ ∝ UµiAijU∗τj =
∑
i
AiiUµiU
∗
τi +
∑
i<j
Aij(UµiU
∗
τj + UµjU
∗
τi). (19)
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Since we aim to construct a model where the hierarchy between Yeµ and Yµτ is
much stronger than in the simple models of the previous subsection, we try to
obtain Yeµ = 0, while Yµτ 6= 0. The first sum on the right hand side vanishes only
when the three Aii are equal. This ansatz leads, however, to the vanishing of the
first sum in the expression for Yµτ as well. As concerns the second sum, requiring
that it vanishes for Yeµ is equivalent to solving a complex equation with two real
unknowns:
(Ue1U
∗
µ2 + Ue2U
∗
µ1) +
A23
A12
(Ue2U
∗
µ3 + Ue3U
∗
µ2) +
A13
A12
(Ue1U
∗
µ3 + Ue3U
∗
µ1) = 0.(20)
This equation has a single solution for the two independent unknowns, A23/A12 and
A13/A12. Choosing these values, the second sum in the expression for Yeµ vanishes,
but the corresponding sum in Yµτ does not. In particular, we can choose the entries
of R and MN in such a way that Yeµ = 0, while Yµτ ∼ 0.02.
2.3 Summary
Our conclusions concerning the htq and hτℓ couplings in the MFV framework are
the following:
1. The Yct coupling is small, with flavor suppression in the range (y
2
b |Vcb|, |Vcb|).
The Ytc, Yut and Ytu couplings are even smaller. Thus, BR(h→ tq) is at least
one order of magnitude below present bounds.
2. In the simplest models of MLFV, with the charged lepton Yukawa matrix as
a single spurion, the Yτℓ and Yℓτ couplings vanish.
3. If the unknown dimensionless coefficients in the MLFV expansion do not fulfill
special relations, and if the Higgs-mediated contributions to µ → eγ do not
cancel against other new physics contributions, then the upper bounds on
|Yeµ| and |Yµe| imply that BR(h → τℓ) is at least four orders of magnitude
below BR(h→ ττ).
4. For specific relations between the dimensionless coefficients, it is possible that
Yeµ is accidentally suppressed while Yµτ saturates the upper bound from τ →
µγ. In this case, BR(h→ τℓ) can be comparable to BR(h→ ττ).
3 Froggatt-Nielsen symmetry
The Froggatt-Nielsen mechanism [8] provides a simple explanation for the smallness
and hierarchy in the flavor parameters. Selection rules that follow from an approx-
imate Abelian symmetry imply that the various Yukawa couplings are suppressed
by different powers of the small symmetry breaking parameter.
When we need to be specific, we employ as the FN symmetry a [U(1)]n symmetry
broken by spurions ǫi of charge −1 under the U(1)i and 0 under all U(1)j 6=i in the
FN symmetry, and numerical value similar to the Cabibbo angle, ǫi ≃ λ = 0.2. Our
models should give the estimated parametric suppression of the measured mass and
mixing parameters, which we present in Table 1, as well as satisfy the bounds on
the various flavor changing Higgs couplings, which we present in Table 2.
In this section, the “∼” sign stands for “has the same parametric suppression
as”. When it appears for a matrix, it means that each entry in the matrix has an
independent and unknown order one coefficient which we do not write explicitly.
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Table 1: Our estimates of the parametric suppression of the SM flavor parameters
in terms of λ = 0.2. Here, yf =
√
2mf/v.
parameters suppression
yu, yc, yt λ
7, λ3, 1
yd, ys, yb λ
6, λ4, λ2
ye, yµ, yτ λ
8, λ5, λ3
|Vus|, |Vcb|, |Vub| λ, λ2, λ3
|Ue2|, |Uµ3|, |Ue3| 1, 1, 1
Table 2: Upper bounds on flavor changing Higgs couplings in terms of λ = 0.2.
coupling upper bound
Yuc, Yct, Yut λ
6, λ, λ
Yds, Ysb, Ydb λ
8, λ5, λ4
Yeµ, Yµτ , Yeτ λ
8, λ3, λ3
3.1 The SM with nonrenormalizable terms
As concerns the Yukawa couplings of the Higgs, the simplest extension of the SM
where we can study modifications that are subject to the FN selection rules is the
addition of nonrenormalizable terms. Concretely, in addition to the SM Yukawa
terms,
LY = −λuijQiU¯jφ− λdijQiD¯jφ† − λeijLiE¯jφ† + h.c., (21)
we consider the dimension-six terms
Ld=6Y = −
λ′uij
Λ2
QiU¯jφ(φ
†φ) − λ
′d
ij
Λ2
QiD¯jφ
†(φ†φ)− λ
′e
ij
Λ2
LiE¯jφ
†(φ†φ) + h.c.. (22)
Defining the unitary matrices V fL and V
f
R via
√
2mf = V fL
(
λf +
v2
2Λ2
λ′f
)
V f†R v, (23)
where mf is the diagonal mass matrix, and defining λˆf via
λˆf = V fL λ
′fV f†R , (24)
we obtain for the Yukawa matrix in the fermion mass basis
Y fij =
√
2mfi
v
δij +
v2
Λ2
λˆfij . (25)
Imposing the FN mechanism on the λ and λ′ matrices, we obtain the following
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form for the λˆ matrices [33]:
λˆu ∼

 yu |Vus|yc |Vub|ytyu/|Vus| yc |Vcb|yt
yu/|Vub| yc/|Vcb| yt

 ,
λˆd ∼

 yd |Vus|ys |Vub|ybyd/|Vus| ys |Vcb|yb
yd/|Vub| ys/|Vcb| yb

 ,
λˆe ∼

 ye |Ue2|yµ |Ue3|yτye/|Ue2| yµ |Uµ3|yτ
ye/|Ue3| yµ/|Uµ3| yτ

 . (26)
These predictions have to be compared with the phenomenological upper bounds
on the various entries in the Y f matrices, Eq. (5) for the up sector, Eq. (7) for the
charged lepton sector, and, for the down sector [6, 26],√
|Yds|2 + |Ysd|2 ≤ 2× 10−5,√
|Ydb|2 + |Ybd|2 ≤ 2× 10−4,√
|Ysb|2 + |Ybs|2 ≤ 1× 10−3. (27)
These bounds require that
v2/Λ2 ∼< 10−2, (28)
rendering the Yqt and Yℓτ couplings unobservably small.
This result cannot be circumvented without supersymmetry. The reason is that
the parametric suppression of the λf matrices is fully dictated by the fermion masses
and mixing, and that, since φ†φ does not carry charge, the parametric suppression
of λ′f is the same as that of λf . Thus, to make progress in our model building, we
need to incorporate supersymmetry.
3.2 The MSSM with nonrenormalizable terms
Working in a supersymmetric framework opens up new possibilities for flavor model
building. In particular, the requirement that the superpotential is holomorphic can
lead to interesting consequences:
1. Holomorphicity does not allow for φ†qφq factors in the superpotential. Thus,
the relevant higher order terms include a φuφd factor.
2. The fact that φuφd may carry a FN charge implies that the structure of λ
f
and λ′f is not necessarily the same.
3. If a term in the superpotential carries charge of the same sign as the relevant
spurion, this term vanishes. This situation is known as ‘holomorphic zero’ [34].
We consider the following terms in the superpotential:
WY = λ
u
ijQiU¯jφu − λdijQiD¯jφd − λeijLiE¯jφd (29)
+
λ′uij
Λ2
QiU¯jφu(φuφd)−
λ′dij
Λ2
QiD¯jφd(φuφd)−
λ′eij
Λ2
LiE¯jφd(φuφd).
The charged fermion mass matrices are given by
√
2mu = V uL
[
λu +
vuvd
2Λ2
λ′u
]
V u†R vu,
√
2md = V dL
[
λd +
vuvd
2Λ2
λ′d
]
V d†R vd,
√
2me = V eL
[
λe +
vuvd
2Λ2
λ′e
]
V e†R vd. (30)
7
The Yukawa matrices of φu and φd in the fermion mass basis are given by
(Y uφu)ij =
mui
vu
δij +
vuvd
2
√
2Λ2
(λˆu)ij , (Y
u
φd
)ij =
v2u
2
√
2Λ2
(λˆu)ij ,
(Y dφd)ij =
mdi
vd
δij +
vuvd
2
√
2Λ2
(λˆd)ij , (Y
d
φu
)ij =
v2d
2
√
2Λ2
(λˆd)ij ,
(Y eφd)ij =
mei
vd
δij +
vuvd
2
√
2Λ2
(λˆe)ij , (Y
e
φu
)ij =
v2d
2
√
2Λ2
(λˆe)ij . (31)
Defining an angle β via tanβ ≡ vu/vd, an angle α via
h = −sαRe(φ0d) + cαRe(φ0u), (32)
and
κ ≡ v
2
2
√
2Λ2
cos(α+ β), (33)
we have
Y uh = +(cα/sβ)(m
u/v) + κsβλˆ
u,
Y dh = −(sα/cβ)(md/v) + κcβ λˆd,
Y eh = −(sα/cβ)(me/v) + κcβ λˆe. (34)
The first terms on the right hand side of the equations for Y uh , Y
d
h and Y
e
h are
the well-known, flavor-diagonal, expressions for type II 2HDM models. The second
terms are the new, flavor-changing, contributions due to the nonrenormalizable
terms.
We run into two potentially conflicting requirements (from here on we omit the
sub-index h for the Yukawa couplings of the light Higgs, and the super-index u, d, e
wherever unnecessary):
1. We aim to have |Ytc| (|Yµτ |) large enough to allow for observable t → ch
(h→ τµ) decay rate.
2. The flavor changing |Y fij | couplings have to be small enough to obey the phe-
nomenological bounds of Table 2.
Let us elaborate on these points, and find the general consequences for model build-
ing.
As concerns the up sector, we would like to have |Ytc| = κsβλˆu32 of order 0.2.
Since κ by itself induces such, or stronger, suppression, we need to have λˆu32 un-
suppressed. This, in turn, requires that we have λ′u32 = O(1). Given the bounds on
other off-diagonal couplings in Y u, we conclude that all other off-diagonal entries in
λ′u must be holomorphic zeros. Furthermore, taking into account that the rotation
from λ′u to λˆu depends on the structure of λu, we learn that λu13, and either λ
u
23 or
λu12, must be holomorphic zeros.
As concerns the down sector, the phenomenological constraints on the off-
diagonal couplings are very stringent. Since we do not have as one of our goals
making any of them large, we employ the simplest (though not the only) strat-
egy for our model building and that is to have λ′d = 0, which avoids all relevant
constraints.
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3.3 A U(1)× U(1) Model
We consider a model with a U(1)1×U(1)2 FN symmetry. The symmetry is broken
by two spurions:
ǫ1(−1, 0) ∼ λ, ǫ2(0,−1) ∼ λ. (35)
The two Higgs doublets are assigned the following FN charges:
φu(+1,−1), φd(+0,−1). (36)
The three quark generations are assigned the following FN charges:
Q1(+4,−1), Q2(+3,−1), Q3(0, 0),
D¯1(+2,+2), D¯2(+1,+2), D¯3(+1,+2),
U¯1(+2,+2), U¯2(−2,+3), U¯2(−1,+1). (37)
The three lepton generations are assigned the following FN charges:
L1(+2,+1), L2(−1,+4), L3(0,+3),
E¯1(−2,+8), E¯2(+5,−2), E¯3(+2,−1). (38)
We get the following parametric suppressions and holomorphic zeros in the λ
matrices:
λu ∼

λ
7 λ4 0
λ6 λ3 0
λ4 0 1

 , λd ∼

λ
6 λ5 λ5
λ5 λ4 λ4
λ3 λ2 λ2

 , λe ∼

λ
8 0 0
0 λ5 λ3
0 λ5 λ3

 . (39)
The matrices λu and λd generate the quark mass eigenvalues and the CKM mixing
angles with the parametric suppression given in Table 1. The matrix λe generates
the charged lepton mass eigenvalues of Table 1. As concerns the lepton mixing
angles, one has to take into consideration also the neutrino mass matrix. We do not
present here explicitly the resulting neutrino mass matrices, as there are subtleties
in the interplay between the FN mechanism and the seesaw mechanism [35]. The
charge assignments of the Li fields imply, however, that the flavor structure of λ
ν ,
which appears in the dimension five terms (λνij/ΛL)LiLjφuφu, with ΛL the seesaw
scale, can be anarchical, thus providing the required large leptonic mixing angles.
We get the following parametric suppressions and holomorphic zeros in the λ′
matrices:
λ′u ∼ 1
λ

0 0 00 0 0
0 λ 0

 , λ′d = 0, λ′e ∼ 1
λ

λ
8 0 0
0 0 λ3
0 0 0

 . (40)
The resulting λˆ matrices have the following form:
λˆu ∼ 1
λ

λ
15 λ12 λ13
λ8 λ5 λ6
λ4 λ1 λ2

 , λˆd = 0, λˆe ∼ 1
λ

λ
8 0 0
0 λ5 λ3
0 λ5 λ3

 . (41)
Thus, the couplings of interest can saturate the present bounds,
|Ytc| ∼ κsβ ,
|Yµτ | ∼ κcβλ2. (42)
As concerns the other flavor changing couplings, all of them satisfy the bounds
quoted in Table 2. As concerns the diagonal couplings, the λˆ terms may lead to a
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violation of the SM relation between the mass and the Yukawa coupling. Within
our specific model, Eq. (41) implies that there are no such modifications in the down
sector and there are small deviations, of O(λ2), in the up sector. In the charged
lepton sector, however, the deviations are of order one. Our model provides then an
explicit example of how measurements of the Higgs decay rates into τ+τ−, µ+µ−
and τ±µ∓ can probe flavor models, as envisioned in Ref. [33].
3.4 Summary
Our conclusions concerning the htq and hτℓ couplings in the FN framework are the
following:
1. Within the SM with non-renormalizable terms, the FCNC bounds imply that
all flavor changing couplings are too small for direct observation.
2. Within the MSSM with non-renormalizable terms, it is possible to construct
models such that the htc and hτµ couplings are close to present bounds and
all FCNC bounds are satisfied.
3. The models that achieve our goals are not generic. Specifically, the FN charges
are very restricted.
4. Our models allow not only flavor changing couplings, but also modifications
of flavor diagonal ones.
We further note the following points regarding model building in the framework of
the MSSM with non-renormalizable terms and FN selection rules:
• Models with a single U(1) as the FN symmetry cannot achieve our goals. Yet,
it is interesting to note that even a single U(1) makes it possible to forbid all
the corrections to the Yukawa terms from non-renormalizable terms.
• The U(1) × U(1) model that we presented in this section is not unique. We
chose to present it because it involves the smallest FN charges among the
models that we found.
• Models with a [U(1)]3 FN symmetry are much less restrictive than [U(1)]2
models.
• Models where the combination (φuφd) carries FN charges have implications
for the µ and the B terms. In particular, they provide a possible explanation
of why µ is close to the electroweak scale rather than to the Planck scale [36]
via the Giudice-Masiero mechanism [37].
4 The Charged Higgs
The MSSM predicts the existence of five physical Higgs scalars, including a charged
Higgs, H±. Within this model, the tree level couplings of the charged Higgs de-
pend only on the fermions masses, the CKM parameters, and tanβ. In particular,
they are independent of the soft supersymmetry breaking terms. The experimental
searches for the supersymmetric charged Higgs are based on these predictions. In
the previous section we learned that, within the MSSM as a low energy effective
theory, the Yukawa couplings of the light CP-even neutral scalar are modified in
various interesting ways. It is then interesting to understand whether similarly
significant modifications might occur in this framework for the charged Higgs.
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Our starting point is, again, the superpotential of Eq. (29). In the quark mass
basis, we define the Yukawa matrices for the charged scalars, h+u and h
−
d , as follows:
LY ⊃
(Yh+u )ij√
2
uRidLjh
+
u +
(Yh−
d
)ij√
2
dRiuLjh
−
d + h.c.. (43)
We obtain:
Yh+u = V
u
R
(
λu +
vuvd
2Λ2
λ′u
)
V d†L =
√
2mu
vu
V ,
Yh−
d
= V dR
(
λd +
vuvd
2Λ2
λ′d
)
V u†L =
√
2md
vd
V †, (44)
where V is the CKM matrix. Thus, the presence of the non-renormalizable λ′ terms
does not change the relation between the Yukawa couplings of the charged Higgs and
the quark mass and mixing parameters. The source of this difference between h and
H± is that for the charged Higgs there is no combinatorial factor that is different
between the λ′ contributions to the mass matrix and to the Yukawa matrix.
For the charged Higgs mass eigenstate, H+ = cβh
+
u −sβh−∗d , the tree level decay
rate into a quark pair,
Γ(H+ → uidj) = NcGFmH+
4
√
2π
|Vij |2
[
m2ui cot
2 β +m2dj tan
2 β
]
, (45)
is the same as in the renormalizable MSSM.
5 Conclusions
The experimental effort to measure the Yukawa couplings of the newly discovered
scalar h focusses on the third generation couplings, Yt, Yb and Yτ , where the Stan-
dard Model predicts large enough rates to be measured. It is possible, however, that
new physics which affects only little these leading couplings will enhance couplings
to the lighter generations in a more significant way, and/or generate off-diagonal
couplings (and even generate CP violation in these off-diagonal couplings [38]). Ex-
perimenters should search for such signals of new physics regardless of theoretical
prejudices. Yet, it is interesting to investigate whether viable, natural and well-
motivated models of new physics can accommodate observably large effects. The
goal of this work is to answer this question.
We focussed on models where the scale of new physics is low enough such that
|Ytq| = O(0.1) and/or |Yτℓ| = O(0.003) can be generated in principle. We further
required that the flavor structure of the new physics is not arbitrary, but rather dic-
tated by a dynamical or approximate symmetry principle. Concretely, we employed
two frameworks, which well demonstrate the range of possibilities within natural
flavor models. On one side, minimal flavor violation (MFV) requires that the flavor
structure of new physics is essentially the same as that of the Standard Model. On
the other side, the Froggatt-Nielsen framework requires only that the new physics
and the Standard Model share the same parametric suppressions, following from
selection rules, but allows all order one coefficients to be unrelated.
What is common to almost all flavor models is that they relate, in either an exact
or an approximate way, all off-diagonal couplings within a given fermion sector. If
such a connection exists, then the bounds from µ→ eγ imply that all lepton flavor
violating effects are too small for direct observation. We found however ways to
avoid this relation in both frameworks. In the leptonic MFV framework, we exploit
the unmeasured seesaw parameters to suppress Yeµ compared to Yµτ . In the FN
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framework, we use holomorphic zeros that can arise in Supersymmetry to achieve
this effect.
As concerns the up sector, within MFV, the bounds from D0−D0 mixing do not
prevent a large Yct coupling. However, the direct MFV constraint on this coupling
implies that |Yct| ∼< |Vcb| and perhaps 2-3 orders of magnitude below this upper
bound. In other words, if t→ hq is observed very close to the present experimental
upper bound, the MFV framework will be excluded. Within the FN framework, the
Yuc − Ytc relation does pose a problem, and we again have to generate holomorphic
zeros to undo the relation.
Our conclusion is that the upper bounds on the flavor changing Higgs couplings
involving the top quark, and/or the tau lepton can be saturated within viable and
natural flavor models. These models are, however, not generic, and the careful
selection of models within the generic frameworks has no special motivation. If
t→ hq or h→ τℓ is observed in experiments, it will challenge present explanations
of the flavor puzzles.
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